Lung cancer is the most frequent cause of cancer death in the Western world. Low dose Spiral CT offers a new approach to lung cancer detection and early results from screening studies are promising. United Kingdom proposals for a randomized controlled trial of lung cancer screening of spiral CT vs. a control arm of no screening is discussed.

Introduction {#Sec1}
============

Lung cancer is now the leading cause of cancer death in the Western world and accounts for more deaths than the total from colon, lung and prostate cancer combined in the United States\[[@CR1]\]. Although mortality from the disease has been declining over recent years, it remains the most common cause of cancer death in men, and in women mortality is second only to that of breast cancer. The vast majority (\>90%) of cases are caused by cigarette smoking. Most patients present with advanced disease for which no curative treatment is available and only 8--14% of patients survive 5 years\[[@CR2],[@CR3]\]. Therefore, novel approaches to the diagnosis and management of lung cancer are urgently required. Non-small cell lung cancer, which accounts for approximately 70% of all lung cancers, may benefit from screening and early detection because surgery for stage I disease results in 5-year survival rates ranging from 55% to over 80%\[[@CR4],[@CR5]\].

Lung cancer screening {#Sec2}
=====================

It is widely accepted that the only valid means of demonstrating the effect of lung cancer screening is by means of a randomized controlled trial with mortality from lung cancer as the primary end-point. Four randomized controlled trials of lung cancer screening were performed in the 1970s, all based on chest radiography together with sputum cytology\[[@CR6]--[@CR9]\]. None showed evidence of reduction in lung cancer mortality although none of the trials had sufficient statistical power to exclude a modest effect. The results of these trials formed the basis of the generally accepted view that lung cancer screening is ineffective.

The National Cancer Institute is reassessing the role of chest radiography in a large randomized controlled trial, the Prostate-Lung-Colorectal-Ovarian (PLCO) Trial, which is designed to have sufficient statistical power to identify a reduction in lung cancer mortality of 10%\[[@CR10]\]. While chest radiography may identify lung lesions greater than 1 cm in diameter, Spiral CT can identify pulmonary nodules less than 5 mm in diameter. This has opened the way for the use of Spiral CT in early detection of peripheral lung cancers.

Early results from non-randomized trials in Japan and the United States using Spiral CT for screening lung cancer have shown that approximately four times as many tumours may be detected with Spiral CT than with conventional radiography. Most of these were stage I and are therefore likely to have a good prognosis\[[@CR11]--[@CR14]\]. The United States Early Lung Cancer Action Project (ELCAP) trial reported by Henschke *et al*.\[[@CR14]\] enrolled 1000 subjects aged 60 years or over, with at least 10 pack years of cigarette smoking. Lung cancer was detected in 27 (2.7%) by CT and in seven (0.7%) by chest radiography; 23 (81%) had stage I disease at diagnosis. No cancers detected on chest radiography were missed on Spiral CT. Annual repeat Spiral CT detected a further seven interval cancers, all stage I\[[@CR14]\]. Other studies from the Mayo Clinic and Germany have shown similar preliminary results. A recent report from Japan of a 3-year mass screening programme has demonstrated detection of nearly 11 times the expected annual number of early lung cancers\[[@CR15]\].

Currently no randomized controlled trials are being conducted for lung cancer screening using Spiral CT as the intervention arm. The major issue regarding the design of randomized controlled trials (RCT) of Spiral CT is whether to use chest radiography or 'no screening' in the control arm. The major disadvantage of using chest radiography as the control arm is that the results of such an RCT would be difficult to interpret as the benefit of chest radiography, if any, is currently unknown. Furthermore, the control arm should represent standard practice and in most of the European studies, including the UK, standard clinical practice is 'no screening'.

While non-randomized controlled trials will provide information on the frequency of detection of malignant nodules with Spiral CT, none are designed to examine lung cancer mortality in a screened group in comparison with lung cancer mortality in a control group. Therefore, they will not answer the primary question 'does Spiral CT screening for lung cancer reduce lung cancer mortality?' In the United States there is increasing belief that Spiral CT for early lung cancer detection is likely to be beneficial, even in the absence of proven efficacy, and demand for this service is rapidly increasing. Thus randomized controlled trials of Spiral CT are timely. At the present time it is impossible to estimate the financial implications of screening but if Spiral CT is shown to be worthwhile, it is likely that the health impact would be as great or greater than that of breast cancer screening. Even if screening reduced lung cancer mortality by only 10% of all lung cancers, it would represent more than double the number of lives saved from breast cancer screening. The effect of Spiral CT screening may well be greater than 10%.

Spiral CT {#Sec3}
=========

Single-channel Spiral CT has been used in most of the low-dose screening studies to date. However, Multichannel CT, now being introduced widely into clinical practice, provides improved fast data acquisition combined with excellent image quality. This new CT technology is unlikely to be superseded by a significant alternative in the foreseeable future and is advocated for all proposed screening trials. It is important to use the most up-to-date technology because randomized controlled trials take many years to complete and advances in technology during the trial period may lead to criticism of the results.

Although the risk of X-radiation exposure is an important consideration, the dose of X-radiation received at Spiral CT screening is likely to be less than 2.5 mSv per scan, irrespective of the type of scanner used. Adopting the same protocol as Henschke *et al.*\[[@CR14]\] and using a scanner of above-average dose efficiency, the patient dose is 1mSv\[[@CR16]\]. This compares favourably with the average annual environmental exposure in the UK of 2.2 mSv, some regions receive as much as 10 mSv\[[@CR16],[@CR17]\]. The radiation dose of Spiral CT will be monitored in a quality control programme by the physicist designated to the study.

The ELCAP study showed that 23% of individuals screened with Spiral CT had pulmonary nodules but only 2.7% of screened individuals had lung cancer, indicating a high ratio of benign to malignant nodules. False-positive Spiral CT examinations or false-positive histology/cytology results from biopsy may lead to unnecessary lung resection, introducing the risks of morbidity and mortality associated with thoracic surgery. However, in the ELCAP study no patient with a benign nodule was referred for thoracotomy. Biopsies were performed on 28 nodules and 27 of these were malignant\[[@CR14]\]. Although risks of biopsy are small, they carry important clinical significance in elderly smokers with chronic obstructive pulmonary disease.

Small peripheral lung cancers may be missed on the initial Spiral CT examination although identified on a subsequent scan. Kakinuma *et al*.\[[@CR13]\] reported that seven of 22 lung cancers were missed on initial screening with Spiral CT but when detected at follow-up, six of these were stage I. Lung cancers arising in the central airways are also likely to be missed on Spiral CT as the technique is insensitive in detecting small endo-bronchial lesions.

The proposed UK Spiral CT Trial {#Sec4}
===============================

In the UK in 1999 lung cancer was responsible for 34 240 deaths (22% of all cancer deaths). Proposals for a randomized controlled trial have been developed by the UK Cancer Coordinating Committee for Research --- Lung (UKCCCR). The primary research objective of the UK trial is to determine whether lung cancer screening using low-dose Spiral CT reduces mortality from lung cancer. To address this issue a randomized controlled trial of Spiral CT vs. no screening in smokers, 60 years and over, is proposed, with lung cancer mortality as the primary end-point. Smoking cessation will be offered to both the screened and unscreened group. Initially a pilot trial of 2000 individuals is planned, the purpose of which is to determine the feasibility, compliance and costs of a large randomized controlled trial. There will be six participating centres in the pilot.

It is anticipated that approximately 40 000 individuals will be required in the full trial conducted over 5 years to demonstrate a reduction in lung cancer mortality of 25%. In the pilot we propose to perform Spiral CT at baseline and then at 1 year. In the full trial Spiral CT would be performed annually for 5 years (Fig. [1](#Fig1){ref-type="fig"}). Figure 1**UK Randomized Trial Design --- for 5 years. The power to detect a difference of 25% at 5% level of statistical significance is 84%**.

The success of the pilot will be based upon the ability to identify eligible individuals for the trial, the number recruited, and their return for a second Spiral CT scan after 1 year. This information will be used to determine the size, duration and costs of the full trial, provided the pilot is considered to be successful. In addition, the pilot will indicate the proportion of subjects who have nodules which require further evaluation and the proportion of these that are cancers including observation of nodule growth. The algorithm for evaluating nodules is shown in Fig. [2](#Fig2){ref-type="fig"}. Figure 2**Algorithm for evaluating lung nodules**.

Definition and classification of nodules {#Sec5}
----------------------------------------

A pulmonary nodule is defined as soft tissue or ground glass opacity of rounded shape.

### Category 1 {#Sec6}

Benign nodules: lesions showing central, rim, uniform or other benign distribution of calcification; fat attenuation within the nodule, clear linear or linear branching densities, or known to be stable size for at least 12 months (for CT, defined as within measurement error of up to ∼20%).

### Category 2 {#Sec7}

Micronodules, i.e. ≤4 mm diameter. The characteristics and locations of all nodules will be documented for purposes of future comparison at annual screening CT.

### Category 3 {#Sec8}

Indeterminate nodules of 5--10 mm diameter whose growth rate is, as yet, undetermined, which do not fall into Category 1.

### Category 4 {#Sec9}

Nodules \>10 mm diameter which do not fall into the description for benign nodules, or those \<10 mm if known to be enlarging on serial CT studies. Nodule characteristics may include round or spiculated margins, and cavitation. Focal areas of ground glass are also included in this category.

All Category 3 nodules will be measured and observed for tumour growth at 3, 6, 9, 12 and 24 months.

Nodule measurement {#Sec10}
------------------

Soft tissue nodules are be measured (in mm) on standard lung and soft tissue windows, as defined above, using the maximum short axis (*x*) and long axis (*y*) diameters taken at the widest point of the nodule. Tumour volume can be calculated from the 2-dimensional measurements using the prolate eclipse formula (dimension *x* × dimension *y* × 0.52).

Recent research using specially designed computer software (Nodview) developed by Dr A Reeves and colleagues\[[@CR18]\] at the Weill Medical College of Cornell University, New York, USA, has shown that tumours are frequently irregular in shape and may also grow asymmetrically. This new software, which is currently still under development, promises to be considerably more accurate for assessing tumour growth.

Conclusion {#Sec11}
==========

Lung cancer screening is being investigated throughout the Western world using low-dose Spiral CT and some encouraging results have already been published. A randomized controlled trial is generally accepted as the only method of demonstrating a reduction in disease-specific mortality. However, as yet, no randomized trials of lung cancer screening are being conducted. Proposals for a UK randomized controlled trial of Spiral CT vs. no screening are presented.
